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Background: Cytokines are tightly linked to the carcinogenesis, development and prognosis of hepatocellular carcinoma (HCC).
We determined the prognostic value of 39 circulating cytokines in HCC patients after radical resection and then developed a
novel cytokine-based prognostic classifier (CBPC) for the prediction of patient prognosis.

Methods: A total of 179 patients were divided into two cohorts based on the date of radical resection. Thirty-nine cytokines were
simultaneously analysed in patient serum samples using multiplex bead-based Luminex technology. Support vector machine-
based methods and Cox proportional hazard models were used to develop a CBPC from the training cohort, which was then
validated in the validation cohort.

Results: Among seven cytokines significantly correlating with the disease-free survival (DFS) in the training cohort, six of them were
validated to be significant prognostic factors to predict DFS and overall survival (OS) in the validation cohort, namely fibroblast
growth factor 2 (FGF-2), growth-regulated oncogene (GRO), interleukin 8 (IL-8), interferon gamma-induced protein 10 (IP-10), vascular
endothelial growth factor (VEGF), and interferon alpha-2 (IFN-a2). By integrating six cytokines and three clinical characteristics, we
developed a CBPC to predict the recurrence and 3-year OS of HCC patients (sensitivity, 0.648; specificity, 0.918). In the validation
cohort, the CBPC were confirmed to have significant predictive power for predicting tumour recurrence and OS (sensitivity, 0.585;
specificity, 0.857). Interestingly, IFN-a2 was the only cytokine being independent prognostic factor in both patient cohorts.

Conclusion: Our study verifies the presence of specific cytokine–phenotype associations with patient prognosis in HCC. The CBPC
developed include multiple circulating cytokines and may serve as a novel screening approach for identifying HCC patients with a
high risk of post-resection recurrence and shorter OS. These individuals may also be suitable for cytokine-targeted therapies.

Hepatocellular carcinoma (HCC) is characterised by highly
vascularised and rapid tumour progression, a high recurrence
rate after surgical resection, and an extremely poor prognosis

(Bruix and Llovet, 2009; Ayyappan and Jhaveri, 2010; Chen et al,
2011). Hepatocellular carcinoma is the fifth most common cancer
in the world, and the third most frequent cause of cancer death
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(Jemal et al, 2011; Li et al, 2012; Chen et al, 2013). Chronic
infection of the hepatitis B or C virus, together with the consequent
immune response, has an important role in the carcinogenesis and
development of HCC (Luan et al, 2009; An et al, 2010;
Arzumanyan et al, 2013).

Cytokines have traditionally been viewed as attractants for
inflammatory leucocytes. However, accumulating evidence suggest
that cytokines and their receptors act as key regulators of the
tumour microenvironment and have a role in many pathological
entities, including chronic hepatitis B and cirrhotic liver disease. In
addition, evidence suggests that cytokines are involved in
carcinogenetic processes, such as autonomous growth signalling,
which influence tumour growth, invasion and metastasis
(Vingerhoets et al, 1998; Chan and Sung, 2006; Capone et al,
2010). Cytokines are secreted by a variety of cell types, including
fibroblasts, endothelial cells, epithelial cells, macrophages, and
cancer cells. It has been reported that some host-derived cytokines
can suppress tumour formation by controlling infection, inflam-
mation, and immunity (Cahlin et al, 2000; Balkwill, 2004). It has
also been reported that tumour cells secrete and exploit host-
derived cytokine that such are crucial for the formation of tumour
stroma and blood vessel networks, which are processes that can
lead to therapeutic resistance and poor prognosis (Lurje et al, 2008;
Mantovani et al, 2008; Niu et al, 2008; Wu et al, 2010, 2011).

In the present study, we used multiplex bead-based Luminex
technology to detect 39 circulating cytokines in serum samples
collected from two cohorts of HCC patients who underwent R0
resection. From these data, we developed a predictive cytokine-
based prognostic classifier (CBPC).

MATERIALS AND METHODS

Patient selection. This study enroled 179 HCC patients (median
age, 56 years; range, 26–68 years) who were hospitalised at the Sun
Yat-sen University Cancer Center between January 2006 and
December 2010. Patients were selected based on the following
criteria: (1) a history of histopathologically confirmed HCC and (2)
the use of curative liver resection as primary HCC therapy.
Curative resection (R0 resection) was defined as macroscopically
complete removal of the tumour with a resection margin that was
histopathologically negative of tumour (Foster, 1984). Microvas-
cular invasion was defined as microscopic tumour invasion
indentified in portal or hepatic vein of the surrounding liver
tissue, which was contiguous to the tumour (Toyosaka et al, 1996).
Based on the time of enrolment, the first 103 cases were assigned to
the training cohort and the remaining 76 cases were assigned to
the validation cohort. Preoperative serum samples were collected
from all patients (Figure 1). The study was approved by the
Ethics Committee of Sun Yat-sen University Cancer Center,
and informed consent was obtained from all patients. Only patients
who survived more than 60 days post surgery were included
in the study. All patients had an Eastern Cooperative Oncology
Group (ECOG) status of two or lower and a Child-Pugh
classification of A.

Patients were followed postoperatively with regular surveillance
for recurrence using the serum alpha-fetoprotein (AFP) level,
abdominal ultrasonography, and computed tomography. Follow-
up information was obtained in December 2012 from patient
medical records and telephone correspondence with patients and
their families. The median time of follow-up is 20.73 month (range,
3–78 months). The median disease-free survival (DFS) was 20.63
months (range, 2–52 months) for all patients. There were 99
(55.3%) case of recurrent HCC and 67 deaths (37.4%). Disease-free
survival was defined as the interval between surgery and recurrence
or between surgery and censoring without recurrence. Overall

survival (OS) was defined as the interval between surgery and
death or between surgery and censoring.

Cytokine measurements. Peripheral blood was collected by a
standard protocol. Briefly, blood samples were allowed to clot at
room temperature for 30–90 min, followed by centrifugation at
2000 g for 10 min. The serum samples were then aliquoted and
stored at � 80 1C.

The concentrations of 39 cytokines were analysed in duplicate
using Human Cytokine Antibody-Immobilized Magnetic Beads
(Millipore, Billerica, MA, USA). The cytokines analysed were as
follows: interleukin-1 alpha (IL-1a), IL-1b, IL-1RA, IL-2, IL-3,
IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-13, IL-15, IL-17, IL-12P40,
IL-12P70, epidermal growth factor (EGF), eotaxin, granulocyte
colony-stimulating factor (G-CSF), granulocyte macrophage
colony-stimulating factor (GM-CSF), interferon alpha-2 (IFN-a2),
IFNg, interferon gamma-induced protein 10 (IP-10), monocyte
chemotactic protein-1 (MCP-1), MCP-3, MIP-1a, MIP-1b, tumour
necrosis factor alpha (TNFa), TNFb, vascular endothelial growth
factor (VEGF), fibroblast growth factor 2 (FGF-2), transforming
growth factor alpha (TGF-a), Flt-3 ligand (FIT-3L), fractalkine,
growth-regulated oncogene (GRO), macrophage-derived chemokine
(MDC), soluble CD40 ligand (sCD40L), and soluble interleukin-2
receptor alpha (sIL-2Ra). Measurements were performed on a
Luminex 200 analyzer (Luminex, Austin, TX, USA).

Statistical analyses. All statistical analyses were performed using
SPSS version 16.0 software (SPSS Inc, Chicago, IL, USA). Survival
rates were assessed by life tables. Kaplan–Meier analyses and log-
rank test were used to compare the difference in survival rates. Cox
proportional hazard models were used for survival analyses. A two-
tailed P-value less than 0.05 was considered statistically significant.

Selection of cut-off values for Kaplan–Meier survival analyses.
Cut-off values were selected based on receiver operating char-
acteristic (ROC) curve analyses using SPSS version 16.0 software
(Hanley, 1989; Spira and Ettinger, 2004; Zlobec et al, 2007).
To generate ROC curves for the detected values of each cytokine,
the sensitivity and specificity of a recurrence event were plotted in
the training cohort. The value closest to the point of maximum
sensitivity and specificity (i.e., the point (0.0, 1.0) on the curve) was
selected as the cut-off score that correctly classified the largest

HCC patients with sufficient following-up (n = 446)

Patients with HCC underwent RO curative
hepatectomy between January 2006 and December

2010 (n = 1,185)

Cases with qualified serum samples
collected before chemotherapy (n = 179)

Training cohort (n = 103) Validation cohort (n = 76)

Cytokine measurements

Apply cut-off value

Model validation

Cytokine measurements

Cut-off value selection

Model construction

Figure 1. A schematic overview of patient selection. The schematic
summarises the cases for construction and validation of the classifier.
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number of patients with or without a recurrence event. Each
cut-off value was then tested in the validation cohort.
The cytokines were dichotomized in ROC curve analyses.

Prognostic classifier construction. The clinical characteristics
and the cytokines found to be significant in the univariate analyses
were entered into a Cox proportional hazards model. A multiple
linear regression model was constructed using the variable that
multiplied their respective hazard ratios in a Cox proportional
hazards model: (Y¼X1�HR1þX2�HR2þyþ Xn�HRn).
The sum of variables (e.g., Y) was used to construct an ROC
curve depicting the relationship between the sensitivity and
specificity for a recurrence event. The performance of the classifier
was tested by the prediction accuracy in validation cohort
(Table 1).

RESULTS

Univariate analyses on clinicopathological factors. Except for
tumour diameter, there was no significant difference in the

Table 1. A detailed description of the construction of CBPC in the
training cohort

Value Patient, n 2-year DFS (%) 3-year OS (%)

CBPC p33.45 64 48.4 31.25

433.45 39 5.1 5.1

Abbreviations: CBPC¼ cytokine-based prognostic classifier; DFS¼disease-free survival;
FGF-2¼ fibroblast growth factor 2; GRO¼growth-regulated oncogene; IFN-a2¼ interferon
alpha-2; IL-8¼ interleukin 8; IP-10¼ interferon gamma-induced protein 10; OS¼overall
survival; TNM¼ tumour node metastasis; VEGF¼ vascular endothelial growth factor.
CBPC¼ (FGF-2� 1.7þ IFN-a2� 7.5þGRO� 2.4þ IL-8� 0.9þ IP-10� 1.4þVEGF� 1.9þ
tumour diameter� 1.9þ tumour multiplicity� 2.1þTNM stage� 1.4).

Table 2. Clinicopathological characteristics of the patients with tumour diameter, tumour multiplicity and TNM stage being significant prognostic factors
for DFS in both cohorts (Kaplan–Meier method)

Training cohort Validation cohort

Characteristics Patients, n 2-year DFS rate (%) P-value Patients, n 2-year DFS rate (%) P-value

Gender 0.605 0.810

Male 94 33.0 66 39.4
Female 9 22.2 10 40.0

Age 0.876 0.509

o50 51 32.9 42 40.5
p50 52 25.0 34 38.2

HBsAg 0.139 0.464

Positive 93 30.1 65 41.5
Negative 10 50.0 11 27.3

Cirrhosis 0.204 0.093

No 32 46.9 21 52.4
Yes 71 25.4 55 34.5

Tumour encapsulation 0.565 0.100

Present 75 34.7 61 45.9
Absent 28 25.0 15 13.3

Tumour diameter o0.001 0.002

p5 cm 50 50.0 21 66.7
45 cm 53 15.1 55 29.1

Tumour multiplicity 0.001 o0.001

Solitary 73 38.4 49 53.1
Multiple 30 16.7 27 14.8

Histological grade 0.078 0.252

Well differentiated 61 41.0 44 43.2
Poorly differentiated 42 19.0 32 34.4

AFP 0.236 0.025

p25 ug 44 36.4 22 59.1
425 ug 59 28.8 54 50.0

Microvascular invasion 0.466 0.036

Present 12 8.3 7 14.3
Absent 91 35.2 69 42.0

TNM stage 0.010 o0.001

I–II 58 39.7 45 57.8
III–IV 45 22.2 31 12.9

Abbreviations: AFP¼ alpha-fetoprotein; DFS¼disease-free survival; HBsAg¼ hepatitis B surface antigen; TNM¼ tumour node metastasis.
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demographic or clinical characteristics between the training and
the validation cohorts. As expected, using univariate analyses,
tumour diameter, tumour multiplicity, and tumour node metas-
tasis (TNM) stage were identified as significant prognostic factors
affecting DFS in the training and validation cohorts (Table 2).
Tumour diameter and tumour multiplicity were also identified as
significant risk factors affecting OS.

Cytokine features associated with recurrence. Among the 39
cytokines analysed, EGF, EOTAXIN, GRO, MDC, IP-10, MCP-1,
and VEGF were found in all HCC patient serum samples collected
before radical resection. In contrast, IL-3 and sCD40L were not
detected in any HCC patient serum samples. The ROC curves for
some features clearly illustrate the point on the curve closest to 0.0,
1.0, which maximises both sensitivity and specificity for the
outcome (Figure 2). Univariate analysis of the training cohort
indicated that increased levels of five cytokines (FGF-2, GRO, IL-8,
IP-10, and VEGF) were associated with poor DFS, whereas
increased levels of two cytokines (IFN-a2 and MIP1b) were
associated with longer disease-free survival. Among these seven
cytokines, six of them were confirmed to be significant prognostic
factors in the validation cohort, namely FGF-2, GRO, IL-8, IP-10,
VEGF, and IFN-a2 (Table 3).

Multivariate analysis of the training cohort indicated that
IFN-a2 (Pp0.001; HR, 7.486), GRO (P¼ 0.016; HR, 2.426), and
tumour multiplicity (P¼ 0.019; HR, 2.117) retained their
importance for predicting DFS. Multivariate analysis of the
validation cohort indicated that IFN-a2 (P¼ 0.008; HR, 2.561),
IL-8 (P¼ 0.015; HR, 2.505), and tumour diameter (P¼ 0.002;
HR, 4.554) were independent prognostic indicators of DFS.
Therefore, only IFN-a2 was the only cytokine being indepen-
dent favourable prognostic factor in both patient cohorts
(Table 4).

Construction of the classifier. We next integrated three
clinicopathologic characteristics (tumour diameter, tumour
multiplicity, and TNM stage) with six cytokines (FGF-2, GRO,
IL-8, IP-10, VEGF, and IFN-a2) into CBPC to construct a classifier
for the prediction of HCC recurrence on the training cohort. The
classification accuracy for recurrence after curative liver resection
was 0.783 (sensitivity, 0.648; specificity, 0.918). The Kaplan–Meier
curve also showed that this classifier could effectively separate
high-risk (2-year DFS rates, 48.4%) patients from low-risk patients
(2-year DFS rate, 5.1%) (Figure 3).

When analysis was tested on the validation cohort using the
CBPC, 29 patients were identified as high risk and 47 as low risk.
The 2-year DFS rates were 10.3% for the high-risk patients and
57.4% for the low-risk patients in the validation cohort. The
CBPC was also strongly predictive of OS in the validation cohort
(sensitivity, 0.585; specificity, 0.857). The 3-year OS rate was
20.7% for the high-risk patients and 61.7% for the low-risk
patients in this cohort (Figure 4A and B). When all patients were
analysed as a combined cohort, the CBPC classified 68 patients as
high risk and 111 patients as low risk. The 2-year DFS was 7.4%
for the high-risk patients and 52.3% for the low-risk patients in
this group. The CBPC was also strongly predictive of OS when all
patients were treated as a combined cohort (sensitivity, 0.642;
specificity, 0.777). The 3-year OS rate was 11.8% for the high-risk
patients and 44.1% for the low-risk patients in this group
(Figure 4C and D).

The correlation between clinical characteristics and CBPC was
also evaluated by w2 analysis in the combined cohort. No
significant correlation was found with regard to other clinico-
pathological factor except histological grade in the combined
cohort. The patients in the low-risk group usually had well
differentiated HCC, while the patient in the high-risk group with
poorly differentiated HCC.
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Figure 2. Receiver operating characteristic curves. These curves are of
the significant clinicopathological factors, six cytokines and the CBPC
predicting recurrent event using the training cohort (A), the validation
cohort (B) and the combine cohort (C) that includes both the training
and validation cohorts. Cytokine-based prognostic classifier showed
the largest value of the sensitivity multiplying the specificity when
compared with other factor.

BRITISH JOURNAL OF CANCER Using cytokines to predict HCC

736 www.bjcancer.com | DOI:10.1038/bjc.2013.781

http://www.bjcancer.com


DISCUSSION

Accumulating evidence strongly suggest that cancer cells in
different organs can secrete distinct profiles of cytokines to
promote growth and metastasis, as well as to manipulate host
tumour interactions (Balkwill, 2004; Gourzones et al, 2012).

Classification of patients by cytokine profiles has successfully
improved the prognosis of several malignancies (Seruga et al,
2008). Because cytokines expression has been shown to be
heterogeneously distributed within the tumours, the detection of
serum level cytokines will likely be a more reliable approach for
measuring the general expression of tumour-originated cytokines.
Moreover, for host-originated cytokines, detection of cytokines at

Table 3. Among the seven cytokines significantly correlating with DFS in the training cohort, six of them were consistently validated in the validation
cohort

Training cohort Validation cohort

Cytokine (pg ml�1) Patients, n 2-year DFS
rate (%)

P-value Patients, n 2-year DFS
rate (%)

P-value

FGF-2 0.037 0.026

p9.66 31 54.8 26 53.8
49.66 72 22.2 50 32.0

IFN-a2 0.001 0.014

p4.425 79 24.1 42 26.2
44.425 24 58.3 34 55.9

GRO o0.001 0.018

p548.5 86 37.2 39 53.8
X548.5 17 5.9 37 24.3

IL-8 0.004 0.002

p18.93 66 42.4 38 57.9
418.93 37 13.5 38 21.1

IP-10 0.012 0.014

p223.5 42 50.0 50 48.0
4223.5 61 19.7 26 23.1

MIP1b 0.022 0.520

p25.35 64 25.0 46 41.3
425.35 39 43.6 30 36.7

VEGF 0.001 0.004

p151 80 37.5 59 49.2
4151 23 13.0 17 5.9

Abbreviations: DFS¼disease-free survival; FGF-2¼ fibroblast growth factor 2; GRO¼growth-regulated oncogene; IFN-a2¼ interferon alpha-2; IL-8¼ interleukin 8; IP-10¼ interferon gamma-
induced protein 10; VEGF¼ vascular endothelial growth factor.

Table 4. Multivariate analyses of the risk factors for DFS in HCC patients

Training cohort Validation cohort

P-value HR 95.0% CI P-value HR 95.0% CI

FGF-2 0.199 1.670 0.764–3.650 0.162 1.665 0.814–3.402

IFN-a2 o0.001 7.486 2.820–19.871 0.008 2.561 1.283–5.114

GRO 0.016 2.426 1.176–5.006 0.292 1.452 0.726–2.907

IL-8 0.834 0.928 0.462–1.864 0.015 2.505 1.198–5.240

IP-10 0.063 1.878 0.967–3.644 0.096 1.698 0.911–3.166

VEGF 0.354 1.397 0.689–2.835 0.171 1.637 0.808–3.315

Tumour diameter 0.073 1.947 0.939–4.038 0.002 4.554 1.759–11.787

Tumour multiplicity 0.019 2.117 1.129–3.972 0.102 2.100 0.863–5.113

TNM stage 0.348 1.406 0.690–2.862 0.604 0.765 0.287–2.104

Abbreviations: CI¼ confidence interval; DFS¼disease-free survival; FGF-2¼ fibroblast growth factor 2; GRO¼growth-regulated oncogene; HR¼ hazard ratio; IFN-a2¼ interferon alpha-2;
IL-8¼ interleukin 8; IP-10¼ interferon gamma-induced protein 10; TNM¼ tumour node metastasis; VEGF¼ vascular endothelial growth factor.
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the serum level is the more reliable approach. However, the broad
investigation of cytokine networks is largely limited by the low
throughput of conventional ELISA methods, which typically allow
for testing of only one cytokine at a time (Levina et al, 2008). Using
a high-sensitivity human cytokine detection kit, we successfully
detected multiple cytokines in the serum of HCC patients. Our
findings demonstrate a spectrum of cytokines expression in HCC.
Among the 39 cytokines simultaneously evaluated, 6 cytokines
(FGF-2, GRO, IL-8, IP-10, VEGF, and IFN-a2) were associated
with DFS.

Staging systems have been widely used to classify patients into
different risk groups and to guide treatment. Although a number

of HCC staging systems (Okuda stage, TNM stage, BCLC
staging, CLIP score, JIS score, and CUPI score) have been
proposed, none have been universally accepted (Lu et al, 2008;
Hsu et al, 2010; Huitzil-Melendez et al, 2010; op den Winkel
et al, 2012). Our proposed CBPC, which integrates clinicopatho-
logic features with significantly expressed cytokines, demon-
strated high prognostic predictive power for the HCC patients
who underwent radical resection. The prognostic classifiers in
our study provided a new strategy and approach for making
optimal clinical decisions for patients with HCC. Adjuvant
transcatheter arterial chemoembolisation (TACE) and targeted
therapy (such as sorafenib) had moderate efficacy with serious
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side effects. With our established prognostic tool, clinicians can
select the adjuvant treatment that would maximise the ther-
apeutic benefit and minimise the risk of overtreatment for
patient with high risk of recurrence.

Compared with other sophisticated SVM models, our CBPC
enables rapid and practical HCC prognostic predictions by a
clinician, without the need of special software or expertise (Zhu
et al, 2009; Xu et al, 2012). The serum samples used to train and
validate our CBPC were collected from patients with normal liver
function before R0 resection. Moreover, there was no correlation
between CBPC and other clinical characteristics except histological
grade. Therefore, the CBPC can be applied to patients with good
performance status who have undergone other radical treatments,
such as liver transplantation or local ablation therapy.

Previous studies have shown that tumour cells take advantage of
the expression of cytokines and cytokine receptors to stimulate an
immune response and to induce tumour angiogenesis and tumour
growth, process that promote metastasis. Blocking the signalling
pathways of key cytokines (FGF-2, GRO, IL-8, and VEGF) can
reduce tumour growth and metastasis (Wang et al, 2006; Llovet
et al, 2008; Chen et al, 2012; Ning and Lenz, 2012). Modulation of
immune responses by directly targeting cytokines or cytokine
genes (siRNA, neutralising antibody and small-molecule inhibi-
tors) is an emerging anti-cancer strategy. Our study demonstrates
that IFN-a2 was favourably correlated with DFS in HCC patients
in both cohorts. In contrast, elevated expression of FGF-2, GRO,
IL-8, IP-10, and VEGF are correlated with shorter DFS in HCC
patients. Based on the results of this study, we conclude that
blocking a single cytokine may be ineffective, inhibitors to target
multiple cytokines may improve HCC prognosis. Additional
clinical studies are warranted to explore the therapeutic value of
inhibiting or activating multiple cytokine signalling pathways
in HCC.

In conclusion, our study suggests that both cytokine levels in
serum and cytokine-based classifiers can better predict the
prognosis of HCC patients. The technically simple and reliable
cytokine measurements used in this study can facilitate identifica-
tion of the high-risk HCC patients who may benefit from novel
cytokine-targeted therapies.
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